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SPACE  OBJECT  IDENTIFICATION 


Introduction 

This  final  report  documents  the  activities  and  deliverables  completed  for  the  Space 
Object  Identification  Task  for  the  Naval  Research  Laboratory  (NRL)  during  its 
performance  period  covering  1  February  1998  through  31  January  1999. 

The  source  funding  for  this  task  was  Air  Force  Research  Laboratory/Surveillance 
Technologies  Division  (AFRL/DEBS). 

The  objective  of  this  task,  titled  “Space  Object  Identification  (SOI) is  to  support  AFRL 
technology  development  in  electro-optics  sensors,  algorithms,  and  processing  for  SOI. 
The  background  for  performing  this  task  is  as  follows;  The  United  States  Space 
Command  (USSPACECOM)  has  the  mission  to  develop  and  maintain  the  Space  Order  of 
Battle  (SOB)/Space  Situational  Awareness  (SSA).  This  includes  the  knowledge  of  where 
all  man-made  objects  in  space  are,  what  they  are,  what  their  missions  and  capabilities  are, 
and  w  hat  their  current  status  is. 

This  is  supported  by  all  source  intelligence,  which  includes  SOI  techniques  and 
processes.  SOI  provides  data  that  can  help  determine  status,  mission  and  capabilities. 
The  SOI  data  products  include  radar,  optical  signatures,  and  imagery,  e.g..  Haystack  radar 
images.  Maui  optical  imagery,  and  Maui  photometric  signatures. 

Task  Approach 

The  approach  for  this  task  was  to  review  in  depth  the  requirements  and  USSPACECOM 
Long  Range  Plan  to  determine  top-priority  needs.  Needs  that  related  to  SOI  included 
identification  and  status  determination  of  deep  space  (DS)  objects.  Key  technologies  that 
could  make  a  difference  were  identified.  These  included  spectral  photometry  and  active 
imaging  from  the  ground.  The  approaches  on  how  to  develop  the  technologies  were 
established.  For  spectral  photometry,  this  included  developing  models,  predicting 
hypcrspectral  signatures  from  NAIC  models,  comparing  the  models  with  actual 
measurements,  and  developing  the  algorithms. 

To  further  understand  how  SOI  and  Space  Surveillance,  in  general,  support  the 
warfighter,  analysis  was  to  be  completed  using  existing  requirements  documents,  mission 
area  plans,  strategic  plans,  and  other  related  reports.  The  result  of  the  analysis  were  to  be 
documented  in  a  Space  Situational  Awareness  briefing,  to  include  Recognized  Space 
Picture  to  support  JFC  Common  Operating  Picture  (COP),  as  well  as  reflecting 
commercial  needs. 

Completed  Activities  and  Deliverables 

Schafer  personnel  attended  the  April  1998  Space  Control  Conference  sponsored  jointly 
by  AFRL  and  MIT/Lincoln  Laboratory  (MIT/LL).  This  conference  provides  an  overview 
by  man)'  government  and  contractor  organizations  of  the  work  they  have  accomplished 
over  the  previous  year,  primarily  in  space  surveillance.  It  encompasses  both  radar  and 
electro-optical  surveillance  capabilities  and  sensors.  Schafer  presented  a  paper  on  the  use 
of  electro-optical  sensors  for  a  space-based  observation  network  for  space  surveillance. 


AFRL/DEB,  also  gave  a  briefing  on  “Space  Situational  Awareness”,  developed  by 
Schafer  (Att.  1). 

During  June  1998,  Schafer  provided  extensive  support  in  the  space  surveillance  arena  to 
the  1998  Air  Force  Scientific  Advisory  Board  (SAB)  Space  Control  Study.  Schafer 
participated  in  the  review  of  NRO  space  surveillance  requirements  on  1-2  June  and  as  a 
result  prepared  recommendations  for  consideration  by  the  SAB.  Schafer  also  participated 
in  the  two-week  summer  study  on  the  same  topic  in  Newport  Beach,  California.  Schafer 
helped  review  the  needs  and  the  requirements  for  both  the  military  and  commercial  space 
industry'  for  support  from  the  Air  Force  Space  Surveillance  Network.  Schafer  developed 
specific  technical  and  programmatic  recommendations  for  the  upgrades  of  this  network. 
These  needs  addressed  moving  space  surveillance  to  space,  upgrades  to  selected  ground- 
based  radars,  and  improvements  in  the  radar/optical  sensors  that  provide  imagery  and 
signatures  that  are  used  to  identify  and  characterize  space  objects.  The  SAB  will  review 
these  recommendations  and  brief  them  to  the  senior  leaders  of  the  Air  Force  later  this 
year. 

In  July  1998  Schafer  updated  the  “Space  Situational  Awareness”  briefing  (Att.  2)  to 
include  radar  as  well  as  electro-optical  solutions  to  the  AFSPC  deficiencies.  It  is  planned 
that  this  briefing  will  be  presented  to  the  senior  officers  at  AFSPC  and  USSPACECOM. 
It  includes  the  results  of  many  detailed  Schafer  analyses  that  drive  the  needs  for  future 
electro-optical  sensors. 

At  the  request  of  AFRL/DEBS,  Schafer  personnel  traveled  to  Peterson  Air  Force  Base. 
Colorado,  in  September  1998  to  brief  the  new  AFSPC  Space  Surveillance  Requirements 
branch  chief.  The  briefing  topics  were  "Space  Situational  Awareness"  and  "Space 
Observation  Network  Study."  Some  revision  and  updating  of  existing  briefings  was 
accomplished  prior  to  the  trip. 

In  October  1998.  also  at  the  request  of  AFRL/DEBS,  Schafer  personnel  developed 
briefings  and  short  technical  reports  addressing  the  operational  utility  of  Laser  Radars. 
The  briefings  included  “Hl-CLASS  Utility  Study  Approach”  (Att.  3)  and  “Laser  Radar 
(LADAR)  Concept  and  Operational  Utility”  (Att.  4).  The  “Space  Surveillance 
Requirements”  report  (Att.  5)  summarized  the  current  metrics  and  SOI  user  requirements, 
particularly  the  high  accuracy  ones  that  a  LADAR  system  can  support.  The  “List  of 
Logistics/Normalization  Deliveries”  report  (Att.  6)  described  hardware,  software, 
operations,  training,  logistics,  and  environmental  items  required  of  a  developing  system 
prior  to  operational  use. 

Schafer  developed  a  briefing  on  “Color  Photometry  of  Geosynchronous  (GEO) 
Satellites.”  as  part  of  the  AFRL/DEBS  Signature  Program  (Att.  7).  Schafer  presented  this 
briefing  on  10.  November  98  in  Colorado  Springs  to  AFSPC,  Space  Warfare  Center  Space 
Battlelab  (SWC/SB),  and  USSPACECOM  representatives.  A  detailed  trip  report  was 
also  delivered  to  AFRL/DEBS,  DEPA.  and  DEBl  (Att.  8).  On  19  and  23  November  1998, 
Schafer  then  supported  several  follow-on  meetings  to  discuss  this  technique  and  the 
SWC/SB  SOI  In  Living  Color  (SILC)  initiative.  Schafer  documented  and  delivered  to 
AFRL/DEBS  and  AFSPC  the  color  photometry  observing  procedures  (Att.  9). 

On  17,  19,  and  30  November  1998.  Schafer  supported  several  Maui  Integrated  Products 
Team  (IPT)  meetings  on  the  strategic  planning  of  the  site’s  electro-optical  and  laser 


technologies  and  systems. 

As  part  of  the  AFRL/DEBS  Signature  Program,  in  December  1998  Schafer  completed  an 
analysis  on  the  projected  user  requirements  (Att.  10)  and  deliverables  to  transition  a  R&D 
Color  Photometry  Data  Exploitation  Tool  to  operational  use  (Att.  11).  In  conjunction. 
Schafer  started  the  development  of  a  roadmap  that  listed  the  R&D  milestones  and 
activities  to  complete  a  prototype  tool  that  determine  the  identification  of 
Geosynchronous  (GEO)  satellites  using  color  photometry. 

After  several  revisions,  Schafer  completed  and  delivered,  in  December  1998,  the 
condensed  and  executive  summar>'  versions  of  the  “Space  Situational  Awareness” 
briefing  (Att.s  12  and  13).  Schafer  provided  technical  support  on  developing  an  approach 
for  the  AFRL  optical  assets  providing  satellite  diagnostic  imaging  for  commercial 
entities. 

Schafer  provided  technical  support  at  the  Space  Surveillance-related  meetings  of  the 
Space  Control  TPIPT.  held  28-29  January  1999.  Schafer  provided  information  on  several 
AFRL/DEB  projects  such  as  color  photometry,  LADAR  systems,  Maui  electro-optical 
and  laser  systems. 


Users  of  Space  Situational  Awareness 


Military 

NCA 

•  Warn  civilian 

piipulatUH)  t>f 
danger  ' 

Warfighter  Regiona! 
CLNOi  ^ 

*  Avind  /  exploit 
ad^rrury 

•  Sun-ctl  cneroy 

*  Deny  Enemy 


US  CINCSFACE 

•  CiMintenpace 
iipcrationi 


laid 

•  Active  pi)doads 

•  GrtHind  ly&tcm  Ops 


t 


t  ' 


\ 


Activities 


•  Detect  and 

•  Ddecfnewfora®nlaiiiid»i*-’'v'  '  . 


•  OTtTfliiditpr^ctfon^ 

•  Detect  /  warn  ef  tfaraUc  to  jtat^tea  vv 


Civil/Comni’I 

NASA 

•  ShuttJe/ISS  coll  Lsum 
1^  avoidance 


•  Deted  Craefet  ebaractertxe  <  '}'t 
opcrat{onalaaleRitee;'^  ''^'^v^* 

*  Provide  iitfoimrtkm  to  nttRrtaid  SOB  V 


i  Predi4rt,  Deti^&'-Tii^-l^ 


Treaty  Organizations 
•  Verify  treaty 
compliance 


Satellite 

Owncr/0  perators 

•  Detennine  asset 
location 

«  Deteimine  asset 
status 

•  Assisi  with 
anomalies 

•  Resolve  RFl  or  other 
interference 

•  Avoid  collisions 


Warfighters  Must  Have  Situational  Awareness 

Source  Comparison 

Terrestrial  Forces  Space  Forces 

SA  Information  Sources  for  SA  Sources  for  SA 

Tlucat/tarpci  locations,  motion.  IFF 

Traffic  control 

Order  of  battle 

AWACS 

SSN 

Mt)hile  ihrcats/targcts 

Fued  targets 

JSTARS 

SSN 

Threat/iarget  locations  and  operations 
Irom  RF  intercept 

Rivet  Joint 

National  Systems 

Targcl/threat  locations 

and  charactcnstics 

National  systems 

SSN 

National  systems 

BM/C^I 

AOOJIC 

CMOC/CIC 

You  wouldn’t  go  to  war  w/o  AWACS  ... 

Space  Situational  Awareness  Essential  to  Terrestrial 

Military  Operations 

OVERFLIGHT  WARNING 

THREAT  WARNING 

•Potential  threats  to  our  terrestrial  forces  and 
operations 

•Potential  threats  to  our  space  assets  that  support 
terrestrial  SA  and  Iniell  Prep  of  the  Battlefield 

•Timing  of  overflight 

•Timing  of  threat 

•Capabilities  of  ISR  systems 

•Threat  characteristics 

•Negation  of  these  threats  when  necessary 

•Ongin  of  threat 

•space  C'  capabilities  and  activities 
used  by  our  adversanes 

•Assist  intcll  collection 


ANOMALY  RESOLUTION  &  DAMAGE 


ASSESSMENT 

•Blue  space  systems  used  by  US  Military 

•Assist  routine  anomaly  resolution 

•Assist  damage  assessment  from  natural  and 
adversary  causes 


Space  Situational  Awareness  Essential  to  Counterspace 

Operations 

Pre/During  Engagement  ir 


Tlireal  JeieLiion.  location,  characterization 

Dtm.t  Awem 
UtTp  SfVM.e  ASAT 

ASAT  ^ - ' 


Target  tracking,  charactenzation. 
and  contirmaiion 


.  X 


DcsJ|.*n.  conviriKU 
Mjlrn.iU 
Aimp««iniv 
Vulncrahilmo 


ost  Engagement 


Recognized  Space  Picture  -  Conceptual 


LiKration  &  movement  of 
space  forces 


Space  Forces* 


Capabilities  Characteristics 


CS/Allicd  Mission 
IManning/F^xccution 


Terrcsinal  CC&D  (against  red/gray) 
Terrcsinal  IPB  (using  blue) 
Space  capabilities  protection  (blue) 
Negation  Ops  (against  red/gray) 


Sources  of  the  Recognized  Space  Picture  Information 


Intdl 

Systems 

Satellite 

()w  ner/operators 

Open 

Literature 

Transition  to  describing  how  the  space  satellite  population 
is  evolving  vis  a  vis  the  needed  recognized  space  picture-- 
l.e.  where  are  we  headed  in  the  future 


The  environment 

Growing  space  population 

Reduced  ability  to  know  the  characteristics,  capabilities 
and  ops  status 

Commercial  &  dual  use  of  commercial 
Small  objects/ manned  presence 
The  force  structure 
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Warfighters  wouldn*t  go  to  war  without  AWACS  ... 


Space  Situational  Awareness  Essential  to  Terrestrial 

Military  Operations 

OVERFLIGHT  WARNING 

THREAT  WARNING 

•PoientiaJ  threats  to  our  terrestrial  forces  and 

•Potential  threats  to  our  space  assets  that  support 

operations 

terrestrial  SA  and  Inlell  Prep  of  the  Battlefield 

•Timing  of  overflight 

•Timing  of  threat 

•Capabilities  of  ISR  systems 

•Threat  characteristics 

•Origin  of  threat 

•Space  C*  capabilities  and  aciivincs 
used  by  our  adversaries 

•Assisi  iniell  collection 


NOMALY  RESOLUTION  &  DAMAGE 


ASSESSMENT 

•Blue  space  systems  used  by  US  Military 

•Assist  routine  anomaly  resolution 

•Assisi  damage  assessment  from  natural  and 
adversary  causes 


Space  Situational  Awareness  Essential  to  Counterspace 

Operations 

Pre/During  Engagement  Ir 
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Dinx'i  Am.ciu 
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Target  tracking,  charactenzaiion, 
and  confirmation 
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Recognized  Space  Picture 


l.ociition  movement  and  status  of  space 
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Space  Forces" 
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Space  threats  & 
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Space  capabilities  protection  (blue) 
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Challenges  to  Maintaining  the  Recognized  Space  Picture 


•  Growth  in  numbers  of  space  objects 

•  Increased  complexity  of  space  payloads  -  multiple  payloads/spacecraft 

•  Military  use  of  commercial  space  capabilities-Owned/leased 

•  Small  objects  and  manned  presence  in  space 

•  Human  presence  in  space 

•  Shrinking  force  structure 

•  Reduced  ability  to  determine  the  characteristics,  capabilities  and  ops  status 

•  Launch  platform  diversity  -  numbers/locations,  ground/sea/air  launch 


Growing  Space  Object  Population 
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Today  =  220  payloads 

Future  =.770  payloads  --  v  * 
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U.S.  Economic  Interests  in  Space  Need 
Space  Situational  Awareness 


CINC  Vision 
“Global  Partnerships” 


U.S.  Military  Levera}*es  Huge  I 
Commercial  Investment  y 


Integrated  Space  ‘Traffic  Control” 
and  “Accident  Investigation”  to  protect  “Space 
Lanes  for  Commerce” 


Detection  and  location  of  potential 
conjunctions  of  space  objects 


Identification  of  safe  launch  corridors 


Support  to  anomaly  resolution 
and  post  mortem  assessments 


^*$38  billion  business  today,  $171  billion  in  less  than  a  decade” 

(International  Space  Industry  Report,  May  7  1998) 
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Aging  Equipment 


•  GEODSS  Vidicon  Photomultiplier  Tubes  •  1970’s  technology 

-  1970s  technology 

“  Virtually  impossible  to  obtain  replacements 

•  Eglin 

-  Aging  lubes 

-  Dedicated  inanufaciunng  lines 

“  1 97()s  computers 

•  HAX-MIT/LL 

-  Specialized  tubes 
~  One  vendor 


Many  Recent  Failures  in 
Space  Situational  Awareness 


SPACE  NEWS 

Space  Debris  Damages 
French  Defense  Satellite 


SPACE  NEWS  _ _ Ss 

European,  Russian  Satellites 
Have  Close  Call  in  Orbit 

>»rgtate^sEUH>iQ 
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MISSILE  DESTRUCTION  RAISES 
FEARS  OF  SPACE  DEBRIS 

SOIACC:  ty  DavU  L  ClMdtar.  Qtdbe  Stiff 

A  Minotemaa  missUe  00 1  teff  flight  om  the 
Pad/k  Ocean  latt  monik  was  probiUy  destroyed  in 
acdlisioa  with  a  fkce  of  ipwct  juiifc,  aerospace 
analysu  and  sptdcesoicn  nid  yesterday. 
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The  Washington  Post  _ 
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Craft?  What  Craft?  Russian  Mars  Probe 
Already  Had  Fallen  Before  Dire  Warnings 


THEWliSTliFMEItl-  : 

■  ^  ■  tepsr 

Russian  space  officials  said  a 

U.S.  satellite  came  within  500  yards  of  the  MIR 
Monday*  and  the  space  station's  crew,  fearing 
collision,  waited  (Hit  its  passage  in  an  escape  capsule. 
NASA  said  the  Russians  were  exaggerating  the 
seriousness  of  the  incident.  - 


Other  Questions 


•  How  to  discover  objects  not  seen  before,  objects  that  have  been  lost,  and 
unexpected  events  in  space 

~  Undetected,  intentional  satellite  maneuvers,  deployment 
-  Break-ups.  re-enines 

•  Impact  of  launch  site  proliferation  and  lack  of  optimally  located  sites  for  early 
space  object  tracking 

•  How  to  minimize  maneuvers  needed  to  avoid  potential  conjunctions 

•  What  arc  the  SSA  needs  for  future  counierspace  operations  ♦  protection  & 
negation 

•  How  to  improve  ephemeris  prediction  efficiency 


We  are  Losing  the  Ability  to  Provide  Space  Situational 

Awareness 


Recent  Studies  of  Space  Surveillance 


•  CLNC’S  Vision 

•  Space  Control  Architecture 

•  GAO  Report 


•  ONMS 


•  OJCS  Study 


Study  Example 

Optical  Network  Mission  Study  (ONMS) 


Evaluated 
Architectures 
for  technology 
and  cost 


•  Defined  programs  to  resolve  deficiencies 

•  I  dentified  key  ops  demos  a  nd  technology 
development  to  prepare  for  force  structure 


SSA  Measures  and  Solutions 
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Deep  Space  Capacity/Coverage  -  Solutions 


Updated 
requirements 
Distinguish  tracking 
needs  by  object  type 
and  orbit  class 


Smart 
surveillance 
Step-Stare  vs  tracking 
individual  objects 
Smarter  tasking/iracking 


2000  200S 


Notional  —  Requires  Additional  Analysis 


Additional 

sensors 

CCDs 

Small  telescopes 
Exclusion  zone  sensors 
Global  coverage 


Payoffs 

Eewer  Objects 

Current  location  info  for 
Intelligence  exploitation 

Less  time  asted” 
searching  for  lost  objects 

More  complete  catalog 

Lower  collision  potential 
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Near  Earth  Imaging  •  Optical  Solutions 


Starfire  Optical  Range  Imagery 


A- 


1.5  m  telescope  with  adaptive  optics,  post 
processed  by  ERIM 


Near  Earth  Imaging  -  Optical  Solutions 

SEASAT  Images  from  Starfire  Optical  Range  1.5m  telescope  with  Adaptive  Optics 


Advanced  Multi-frame  Image  Reconstruction  Algorithm 
(ERIM  International,  Ann  Arbor,  Ml) 
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Strategy  for  Additional  Deep-Space  Objects 

Category 

Action 

170 

Losi  calaioccd  ohjecls 

Search  (Electro-optical ) 

200 

Exclusion  lisi  objects 

400 

Ia»si  analyst  objects 

Search  (EO) 

15 

Ltm  eccentricity  analyst  objects 

Reduce  tracking  frequency  to  30  days 

2.'<5 

Hieh  eccentricity  analyst  objects 

Reduce  tracking  frequency  to  10  days 
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EEO  GP&-type  orbits  GEO  orbKs 

■  Active  payloads 

■  Inactive  Objects  with  perigee  height  >  600  km. 

O  Inactive  objects  with  perigee  heights  <  600  km. 


Catalog  s=  1577 

Population  expected  to  double  in  18  years  Active  and  high  drag  =  737 

Most  growth  expected  in  inactive  objects  Inactive  with  low  drag  =  840 


Lost  HEO  Objects  are  a  Near  Terin  Processing  / 
Organization  Problem 


Today’s  approach  to  tracking:  mean  time  between  tracks 


•  Aciive  payloads  and  objects 

■ 

Mean  =  2.78 

days  737  RSOS 

with  perigee  height  <  600  km 

□ 

St.  dev  =  2.4 

days 

•  Inactive  objects  with 

■ 

Mean  =  3.85 

days  840  RSOs 

pengee  height  >  6(X)  km 

■ 

St.  dev  =  3.0 

days 

Recommended  Approach 

•  For  215  Aciive,  non-US  -  one  track  per  day  (78  Rus  &  PRC  and  137  Row) 

•  For  108  active,  US  -  maintain  vigilance  for  protection  (some  of  137  Row  may  require 
protection) 

•  For  840  inactive,  high  pengee  -  reduce  tracking  frequency  to  >  30  days 

High  accuracy  data  &  high  accuracy  orbits 
Long-iemi  propagated  element  set 

•  For  414  inactive,  low  pengee  -  reduce  tracking  frequency  to  TBD 

Less  time  tracking  more  time  to  support 

Inactive,  high  perigee  search  and  protection 


HEO  Capacity  /  Coverage 

Catalog  maintenance  capacity:  Inadequate  sensor  capacity  with  today’s 
processing  /  organization  but  adequate  for  recommended  approach 

Implementation  required 

-  Shift  in  thinking  for  Catalog  Maintenance 

-  PriKCssing  outside  of  SPAIXK* 

-  Processing  Implementation 

Protection  /  prevention  capacity 

Improvements  required 

-  Limited  capacity  of  radars 
Weather  limitations  of  ground-based  opiu 

-  Space-based  optical  or  distnbuted  ground 
optical  may  be  needed 


GEO  Belt  Coverage 


LEO  Space  Situational  Awareness  Architecture 
Changes  for  The  Future 


Space  Based  Sensors  for  Timely  LEO 
Maneuver  Detection  and  Orbit 
Determination 


Theater  Imaging  for  Real-time 
Detection  of  Hostile  Operations 


AEOS 


Radar  Resolution  Upgrades  for  Small 
Satellite  Characterization 


Recommendation 


Available  from  R.  Benedict 


Actions 


Available  from  R.  Benedict 


Debris 


*  NASA  Requirements 

-  Required  Catalog;  of  >  5  cm.-  sized  RSOs  with  perigee 

altitudes  <  600  Km 

-  Goal  :  Catalog  of  >  1  cm.-  sized  RSOs  with  perigee 

altitudes  <  600  Km. 

•  Principal  Technical  Challenges 

-  Timely  discovery  :  Large  search  area  and  detection  sensitivity 

needed 

-  Tracking  :  High  accuracy  sen.sors  needed 

-  Accurate  Orbits  for  threat  objects 

:  Near- real-time  atmospheric  drag  modeling 
needed 

>  Cataloging  :  -  5000  RSOs  for  >  5  cm.  -  feasible  at  present 

-  50000  RSOs  for  >  1  cm.  -  new  paradigm 
required 


Debris  Solutions  :  Low  altitude 


•  5  cm.  network 

-  FPS-85  and  COBRA  DANE  for  discovery 

-  Precision  sensors  for  follow-up 

•  Radars 

-  MIIR.  MAX.  TR.ADEX.  HAVE  STARE. 

•  Optical 

Large  lrl»cuprs 

-  L.ADAR 

•  1  cm.  network 

~  Upgraded  NA VSPASUR  needed  for  discovery' 

Precision  radars  for  follow-up 

•  Radar 

-  HAVE  STARE.  Haystack.  GBR-0 

•  Optical 

Large  lelesr(»pes 

-  LAUAR 

-  New  cataloging  paradigm  :  include  only  RSOs  that  are  in  conjunction 
with  space  station 

-  Near-real-time  atmospheric  drag  modeling  essential 

•  Experimental  work  required  to  refine/optimize  options 


Growing  Complexity  of  Active  Payload  Operations 


Growth  in  number  and 
capability  of  foreign  and 
commercial  ISR  systems 

-  Optical,  radar  sigini. 
elint 

Ability  to  image  far  from 
the  nadir  ground  direction 

-  “Where  is  it  looking 
now'’” 

Multiple,  independently 
directed,  narrow  comm 
beams 

Orbit  adjustments  and 
maneuver 
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Debris  Solutions:  High  eccentricity  orbits 


•  Debris  population  unknown 

-  Density  measurements  needed  to  quantify  threat 

“  Haystack  radar«  ETS,  upgraded  GEODSS,  Starfire  and  AEOS  available  for 
measurements 

•  Optical  systems  are  preferred  solution 

-  1  meter  class  for  5  cm.  network 

-  3  meter  class  for  1  cm. 

-  Multiple  systems  (-5)  needed 

Haystack  and  HAVE  STARE  can  also  provide  follow-up 


Schafer 


WORKING  DRAFT 
HI-CLASS  Utility  Study  Approach 
2  Nov  98 

Linda  L.  Crawford 


Schafer  Study  Objective 


•To  evaluate  the  operational  use  of  a  HI -CL  ASS  system  to 
support  Space  Situational  Awareness  tasks  and 
requirements 
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•  HI-CLASS  Requirements  Summary  Technical  Report 

•  High  Acciuracy  Requirements  Workshop  Technical  Report 

•  HI-CLASS  CONOPS 

•  HI-CLASS  Roadmap 

•  HI-CLASS  Briefing 
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1.0  INTRODUCTION 

This  report  will  document  the  following: 

a)  the  operational  roles  and  concept  of  operations  of  how  the  HI-CLASS  system  can 
support  user  requirements  and  tasks  in  the  areas  of  Space  Surveillance  and  Space 
Control. 

b)  the  activities  that  must  be  completed  to  determine  the  operational  utility  of  the  HI- 
CLASS  system,  and 

c)  the  required  milestones  in  the  development  of  the  HI-CLASS  system  to  transition  to 
an  operational  surveillance  asset. 
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2.0  BACKGROUND 

2.1  System  Description 

The  HI-CLASS  (High  Performance  Co2  Ladar  Surveillance  Sensor)  is  a  wide  bandwidth, 
wavelength  agile  ladar  radar  under  development  in  phases  to  determine  the  operational 
utility  of  such  technology  to  support  user  requirements.  The  system  has  several  modes  of 
operations: 

a)  ladar  that  addresses  acquisition  and  tracking,  illumination,  return  signal  detection  and 
processing  to  establish  target  range,  range  rate,  angular  position,  and  imaging  data  of 
satellites. 

b)  lidar  that  pertains  to  detection  and  classification  of  vapor  species  via  characteristic 
spectral  ab.sorption  of  ground  backscater  of  transmitted  C02  radiation. 

2.2  Air  Force  Space  Command’s  Space  Surveillance  Mission 

The  Space  Control  Mission  has  a  task  to  provide  Space  Situational  Awareness  (SSA)  via 
Space  Surveillance  Operations.  Space  Surveillance  Operations  has  the  following  tasks: 

a)  Provide  Battle  Management/Command  and  Control  (BM/C^)  for  space  surveillance 
forces 

b)  Monitor  Space  through  the  collection,  processing,  and  assessing  of  data,  as  well  as 
maintain  the  databases.  This  task  has  several  sub-tasks  as  follows: 

1 )  Detect  and  tract  Resident  Space  Objects  (RSOs) 

2)  Collect  data  for  the  Space  Order  of  Battle  (SOB) 

3)  Detect  and  track  Near  Earth  Objects  (NEOs) 

c)  Analyze  data  and  inform  space  u.sers,  to  include  Theater  Operations,  Space 
Operations,  Intelligence  Needs,  and  Treaty  Monitoring. 

d)  Support  Counterspace  to  include  Protection  and  Negation. 

Support  includes 

a)  providing  updated  orbital  parameters  and  overflight  notification  of  space-based 
reconnaissance  satellites 

b)  supports  missile  warning  by  assisting  in  the  correlation  of  Reentry  Vehicle  detections 
(by  associating  them  with  reentering  space  objects  or  errant  launches)  and  the 
location,  tracking,  and  impact  prediction  of  errant  ballistic  (sub-orbital)  trajectories. 

c )  provides  common-reference  locations  and  course  of  US  and  foreign  space  assets  to 
military  forces  for  use  in  the  friendly  exploitation  of  those  assets. 
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d)  forwards  data  to  numerous  agencies  involved  in  intelligence  collection  operations  or 
who  are  conducting  Scientific  and  Technical  (S&T),  Mission  and  Payload 
Assessment  (MPA),  Strategic  and  theater  Indications  and  Warning  (I&W),  and 
operational  intelligence  evaluations. 

e)  Support  to  Orbital  Safety  (collisions  with  other  orbiting  objects  and  accidental  laser 
illumination).  Early  Orbit  Determination  (EODET),  space  system  or  geophysical 
anomalies  asses.sments. 

f)  timely  and  accurate  detection,  tracking,  identification,  processing,  reporting,  and 
analysis  of  activities,  and  changes  in  operational  status  and  orbits  for  SOB  payloads  . 

Space  Surveillance  Operations  are  accomplished  through  a  network  of  world-wide 
sensors,  command  and  control  (C*)  facilities,  intelligence  centers,  and  associated 
computers,  proce.ssing  and  communications  support.  The  Space  Surveillance  Network 
(SSN)  includes  many  of  the  surveillance  assets  that  support  Space  Surveillance,  but  the 
mission  is  augmented  by  other  centers  such  as  the  North  American  Aerospace  Defense 
Command  (NORAD)AJnited  States  Space  Command  (USSPACECOM)  Combined 
Intelligence  Center  (CIC). 


Space  Surveillance  Requirements 
Working  Paper 
Linda  L.  Crawford 


Background 

Between  1958  and  1993  there  were  approximately  70  space  surveillance-related 
documents.  In  1993  AFSPC  started  activities  to  review  the  current  Space  Surveillance 
Network  (SSN)  and  its  requirements,  and  to  develop  a  Space  Surveillance  Mission  Area 
Plan  (MAP),  as  part  of  the  AF  Modernization  Process.  .  The  MAP  process  included 
identifying  the  mission  needs,  developing  operational  requirements  and  operational 
concepts/tasks,  evaluating  the  ability  to  accomplish  the  tasks  using  current  and  future 
systems. 

AFSPC  compiled  from  the  prior  requirements  documents  and  user  inputs  the  AFSPC 
Space  Surveillance  Requirements  Document  (SSRD),  dated  10  Jul  95.  This  document  is 
a  “system  of  system”  level  requirements  document  and  lists  Space  Surveillance  Network 
(SSN)  requirements  in  terms  of  type  of  data  (metrics,  intel),  quantity,  quality,  and 
timeliness.  The  document  was  provided  by  AFSPC  to  USSPACECOM  to  support  the 
development  of  a  USSPACECOM  Space  Control  (that  includes  Surveillance)  Capstone 
Requirements  Document  (CRD). 

USSPACECOM  developed  a  Space  Control  Mission  Need  Statement  (MNS),  which 
includes  Space  Surveillance,  Counterspace,  and  National  Missile  Defense. 
USSPACECOM  then  followed  up  by  developing  the  Space  Control  CRD,  which 
referenced  the  AFSPC  SSRD.  This  CRD,  dated  20  Mar  98,  is  in  the  validation  process. 
The  CRD  stated  that  a  Space  Surveillance  Annex,  using  an  updated  version  of  the  SSRD, 
would  be  developed  (status  unknown). 

In  .summary,  the  primary  Space  Surveillance  requirements  documents  are  (this  set  of 
documents  is  still  valid  for  any  follow-on  requirements  analysis): 

1 »  AFSPC  Space  Surveillance  Requirements  Document  (SSRD),  10  Jul  95 

-  has  quantitative  timeliness,  accuracy,  quantity,  and  type  of  data  requirements 

-  augment  with  NASA’s  orbital  debris  requirements 

2)  USSPACECOM  Space  Control  Mission  Need  Statement  (MNS),  1997 

-  no  qualitative  requirements  -  five  pages  maximum 

3)  USSPACECOM  Space  Control  CRD.  draft,  20  Mar  1998 

4)  USSPACECOM  Space  Surveillance  Annex  to  Space  Control  CRD 

5)  AFSPC  1997  Space  Control  MAP,  Sep  97 
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Another  set  of  requirements  (most  included  in  the  1995  SSRD,  but  not  in  as  much  detail) 
are  listed  in  the  Updated  Requirements  for  SSN  SOI  Sensors  letter  from 
USSPACECOM/J2FS  -  also  has  attached  the  SOI  Statement  of  Need  (1989). 

The  USSPACECOM  Instruction  10-40,  Space  Surveillance  Operations,  is  considered  a 
“lower  level  operational  requirements”  document.  There  are  some  timeliness 
requirements  (e.g.,  get  SOI  out  within  certain  time  period),  but  here  are  no  accuracy 
requirements.  This  instruction  has  not  been  used  in  any  MAP  processes. 

Another  reference  document  is  the  1997  Optical  Mission  Network  Study  (ONMS)  that 
looked  at  the  surveillance  requirements,  SSN  optical  force  structure,  deficiencies  from 
the  1997  MAP,  and  derived  several  architectures  to  mitigate  deficiencies.  In  turn  the 
MAP  referenced  the  ONMS  solutions  in  its  document. 

The  1997  Space  Control  MAP  Space  Surveillance  deficiencies  with  proposed  generic  and 
specific  solutions  to  mitigate  the  deficiencies  are  listed  below: 

#SC-2  -  inadequate  forces  for  complete  space  situational  awareness  (deep  space  metrics- 
capacity,  timeline.ss) 

—  new  surveillance  techniques  (step-stare) 

—  improved  algorithms 

—  new  sensors  (X-band  radars,  space-based  sensors,  CCDs) 

#SC-3-  inadequate  forces  for  Space  Order  of  Battle  (metrics-accuracy;  SOI/MPA- 
capacity/coverage,  near  earth  timeliness,  GEO  imaging) 

—  .sensor  upgrades  (X-band  radars,  ground-based  imager,  GEO  imager) 

—  new  SOI  techniques  (spectral  photometry)  (why  not  LADAR) 

#SC-7-high  co.st  of  O&M  (decreasing  capability  for  increasing  cost) 

“  upgrade  sensors 

—  new  operations  (space  based  sensors) 

—  .selective  automation  (small  tele.scopes) 

#SC-9-unable  to  maintain  small  object  catalog  (inadequate  sen.sor  sensitivity  and  object 
correlation) 

—  new  .sensors  (S-band  radar  fence,  large  aperture  optics,  LADAR) 

—  new  algorithms  (radar/optical  correlation) 

#SC-ll-lack  of  processing  for  unique/high  interest  orbits  (reentries,  tethered  satellites, 
multi-day  orbits) 

—  new  sen.sors  (LADAR) 

—  new  algorithms  (multi-day,  tethered,  decay) 

#SC- 15-no  colli.sion  advisories  (accuracy,  debris  tracking) 

—  new/upgraded  sensors  (X-band  radar  fence,  upgrade  NAVSPACE  fence,  small 
tele.scopes) 
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#SC- 16-no  detection  of  Near  Earth  Objects  (NEOs)  (earth  crossing  asteroids)  (inadequate 
sensor  sensitivity  and  capacity)  -  note:  this  deficiency  on  the  books  but  not  well 
supported 


The  table  lists  the  specific  surveillance  requirements  from  the  SSRD  that  are  associated 
with  high  accuracy  data,  imaging  resolution,  and  collision  warning  support. 


Task 

Requirement 

ISSSi 

Mamt  RSO  Catalog 

Support  Intel 

NAIC 

For  selected  payloads,  predict  position 

47 

Support  Intel/SOB 

CIC/NAIC 

Imacing  -  resolution 

48 

Support  Intel 

HI-CLASS-Maui 

Orbital  position  .09km  radial  at  460  km 

49 

Support  Intel 

Support  Negation 

Orbital  position 

56 

Support  On-Orbit 

Orbital  position 

61 

Support  On-Orbit 

NASA 

ShuttIc/ISS  conjunction  prediclionJkm  predict  2  hr 

65 

Note:  There  is  an  updated  NASA  requirement  for  debris  tracking  and  collision  warning 
support  (and  is  to  be  included  in  the  USSPACECOM  annex. 
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WORKING  DRAFT 


LIST  OF  LOGISTICS/”NORMALIZATION”  DELIVERABLES 


To  Transition  an  R&D  Project  to  Operational 


Category 

Deliverable 

Reference 

Description 

Software 

Software 

Development  Plan 
(SDP) 

MIL-STD  498 
DID/Template 

Presents  a  sound  approach  for  conducting  a  software 
development  effort  to  include  new  development, 
modification,  reuse,  reengineering,  maintenance,  and  all 
other  activities  resulting  in  software  products. 

Sysiem/Subsystem 

Specification 

(SSS) 

MIL-STD  498 
DID/Template 

Covers  how  the  design  meets  the  specifications  and  be 
testable;  also  includes  an  operational  concept  on  how  the 
system  will  be  used. 

Interface 

Requirements 

Specification 

(IRS) 

MIL-STD  498 
DID/Template 

Provides  requirements  on  interfacing  to  other 

CSCIs/systems, 

System 

Requirements 

Specification 

(SRS) 

MIL-STD  498 
DID/Template 

Specifies  the  requirements  for  a  CSCI  and  the  methods  to 
ensure  that  each  requirement  has  been  met.  Note:  the  IRS 
contents  can  be  part  of  the  SRS. 

System/Subsystem 

Description 

DcKTumcnt 

(SSDD) 

MIL-STD  498 
DID/Template 

Provides  the  system-wide  design  dccisions/systcm 
architectural  design;  should  also  include  description  of 
databases,  if  applicable. 

Software  Design 
Description  (SDD) 

MIL-STD  498 
DID/Template 

Covers  CSCI  requirements,  consistent  with  CSCI-wide 
design  decisions. 

1 

Interface 

Description 
DiKumcni  (IDD) 

MIL-STD  498 
DID/Template 

Describes  the  interface  characteristics  of  one  or  more 
systems,  subsystems.  Hardware  Configuration  Items 
(HWCIs).  Computer  Software  Configuration  Items  (CSCIs), 
manual  operations,  or  other  system  components. 

1 - 

j 

1 

j 

t 

Software  Test  Plan 
(STP)  /  Software 
Test  Description 
(STD) 

MIL-STD  498 
DID/Template 

Describes  in  a  combined  STP/STD  the  test  plan, 
preparations,  lest  cases,  and  test  procedures  for  a  sound 
approach  to  testing  all  requirements. 

i 

1 

System  Test 

Results  (STR) 

MIL-STD  49S 
DID/Template 

Covers  all  planned  test  cases;  provides  results,  and  shows 
evidence  that  the  system  meets  its  requirements. 

i 

I 

i 

Software  Version 
Description  (SVD) 

MIL-STD  498 
DID/Template 

Identifies  the  version  of  each  software  component  (file,  unit, 
CSCI,  etc.)  delivered  and  changes,  if  applicable. 

1 - 

1 

i 

Software  E^oducts 

Specification 

(SPS) 

MIL-STD  498  i 
DID/Tcmplatc 

References  the  executable  software,  source  files,  and 
software  support  information,  including  *’as  built"  design 
information  and  compilation,  build,  and  modification 
pnvedures. 

Executable 
software  and 
source  files 

N/A 

Includes  all  software  necessary  for  execution.  Version 
exactly  matches  version  that  passed  testing. 

Software  User 
Manual  (SUM) 

MIL-STD  498 
DID/Template 

Describes  software  installation,  input/oulput,  and  how  to 
use. 

Computer 

Operation  Manual 
(COM) 

MIL-STD  498 
DID/Template 

Describes  how  to  operate  the  computer  system  that  hosts  the 
software. 

Y2K 

AF/AFSPC 

STD  Test  Cases 

Completes  Year  2000  assessment  and  certification  that 
system  is  Y2K  survivable  (Y2K  compliant  is  a  goal). 

1 
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LIST  OF  LOGISTICS/”NORMALIZATION”  DELIVERABLES  (cont) 
_ To  Transition  an  R&D  Project  to  Operational _ 


Category 

Deliverable 

Reference 

Description 

Hardware 

Mechanical 

Design  Definition 
Document 

Describes  the  mechanical  design  approach  to  include 
technical,  environmental,  or  volumetric  constraints. 

Mechanical 
Engineering/Fabri 
cations  Drawings 
Package 

Level  II 

Contains  a  complete  drawing  package,  from  which  the 
hardware  can  be  fabricated  without  a  priori  knowledge. 

Optical 

Engineering 

Package 

Includes  optical  design  definition,  ray  trace,  prescription, 
sensitivities  and  tolerances,  and  performance  analysis. 

Electronic  Boards 
Package 

Includes  design,  schematics,  parts  list,  programming 
instructions,  electronic  interface  control  descriptions,  and 
physical  board  layout. 

Operations 

System  Tech 

Manual  - 
Operations 

MIL-PRF- 
38314  (US AF) 

Describes  how  to  operate  the  system  to  meet  mission 
requirements,  includes  description,  functions,  procedures 
(emergency,  operating,  contingency),  limitations. 

i 

i 

i 

System  Tech 

Manual  - 

Corrective 

Maintenance 

MIL-PRF- 
38314  (USAF) 

Describes  how  to  diagnose  and  complete  corrective 
maintenance  on  the  system. 

j 

i 

i 

Preventive 
Maintenance 
Procedures/I  nspect 
ions 

•} 

Provides  the  preventive  maintenance  procedures  and 
inspections  to  be  completed  periodically. 

i  Training 

Training  Plan 

Contractor 

format 

Develops  plan  on  how  training  will  be  completed  for  both 
for  Operations  and  Maintenance  (O&M)  personnel. 

1 

Training  Guide 

Contractor 

format 

i  Develops  guide/teaching  aid  to  use  during  training  of  O&M 
personnel. 

i 

Training 

(Certification) 

Completes  training  (and  certification)  to  operate  and/or 
maintain  the  system. 

'  Logistics  1 

Special  Suppi^rt 
Equipment 

. 

Idenlify/provide  specialized  equipmcnt/tools  to 
operate/maintain  system. 

Spares/Parls  List 

Identified  by  critical/non-critical  (to  mission  support),  long 
lead  lime,  custom  or  standard  bcnchstiKk  item. 

:  ! 

1 

i  i 

Identification  Tags 

Identifies  and  tags  all  system  parts,  consistent  with  site 
identification  scheme  (MEDL  numbers). 

F'CAmZA 

Complete  functional  and  physical  configuration  audits. 

1  Environmental 

Environmental 

Assessment 

Report 

Provides  assessment  of  environmental  items. 

AF  Form  8 1 3 

Submits  certification  of  environmental  compliance. 

i 

MSDS 

Industry  STD 

Provides  on  site  information  on  materials. 

>  ■  ■ 

Hazardous 

Materials 

Ensure  process  is  in  place  to  identify,  manage,  and  dispose 
of  hazardous  materials. 

! 

OSHA  review 

Ensures  compliance. 

Note:  This  list  is  based  on  AFSPC  and  current  MSSS  Operations.  Maintenance,  and  Support  Contract  SOW  requirements 
levied  on  the  AFRL/DEBl  GEMINI  Sensor  System  at  MSSS  in  1998  (reference:  Feb  1998  GEMINI  Operational 
Transition  Plan,  jointly  signed  by  AFRL/DEB  and  AFSPC/DRC). 
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Color  Photometry  of  GEO  Satellites 


AFRL/DEBS  Signatures  Program 
10  November  1998 
Presented  by 
Dr,  Mara  Payne 
Schafer  Corp, 


Ssihafer  Agenda  { 


•  Space  Situational  Awareness  Overview 

•  Color  Photometry 

•  SOI  In  Living  Color  (SILO  Demonstration 

•  Summary 
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Color  Photometry  Technique 


•  Can  we  get  more  information  from  color  (spectrum)? 

•  a.lca.  Multi-Spectral  Photometry 

•  Origins:  Astronomical  Photometry 

•  Definition:  Measurement  of  the  apparent  brightnesses  of  an  object  in 
various  wavelength  bands  in  the  optical  or  infrared  regions  of  the 
spectrum 


Solar  Spectrum 
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Recent  AFRL  Research 
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•  T  AS  AT  simuUtions  provided  clues  that  color 
(^u)tometry  may  tac^tate  identification  of  CEOs. 

•  Simulated  spectra  showed  different  features  that 
correspond^  to  class  of  satdlite 

•  Color  photometry  created  from  these  spectra 
showed  even  more  distinguishing  characteristics. 

•  Observations  were  needed  to  prove  these  data 
could  be  obtained. 


Simulated  Spectra 

Ideal  Orbit,  Winter  Solstice.  SPA  s  28.3 
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10  satellites 

SohdJrid.id  1  >  22911 
Sol idjridad  2-23313 
Anik  I  1  -  21726 
Anik  \  2  -  21222 
IMiSI  -22930 
l>ltS2-23192 
IXiS3  -23598 
A\1SC  1  -  23553 
(fStar  4  •  20946 
Spaci-net  4  -  21227 


Capilla  Peak  Observations 


1 


•  Dr.  Steven  Gregory,  IPA,  astronomer  at  University  of  New  Mexico 

•  Investigated  these  satellites  in  FaU  1996  -  Summer  1997 

•  Current  data  set:  late  Spring  1998  -  end  of  FY  99 


SchatGr 


Current  AFRL  Experiments 


Capilla  Peak  Obsm'atit)ns 
i*inp  a  Gaussian  Classifier 


Results  of  Principal  Component  Analysis 
using  a  Gaussian  Classifier 
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pR)bability  of  Correct  ID  =  79.26  % 


Probability  of  Correct  ID  =  100  % 


•  Color  photometry  data  on  10  different  satellites  with  3  different  payload  types.  Some  of 
which  are  in  a  cluster. 

•  Pattern  recognition  algorithms  have  aided  discrimination  of  payloads. 


Schsfsr  Pattern  recognition  (PR)  Algorithms 


Measured  Data 
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•  PR  can  be  defined  as  an  information  reduction,  information  mapping,  or 
information  labeling  process. 

•  The  mapping  reflects  our  choice  of  measurement  system. 

•  In  realistic  cases,  the  feature  space  regions  overlap  by  some  amount. 


Current  Status  of  Color  Photometry 


Payoffe  from  color  photometry  technique 

-  Contribute  to  identification  (permits  exploitation) 

-  Improved  status  determination 

»  Potential  for  orientation  detection 
»»  Better  estimates  of  ops  use 

-  Help  reduce  mistagging 

APRL/DEBS  Signature  Program  plans  limited  color  photometry  data 
collection  on  GEOS  over  FY99. 

AFRL/DEPA  GEODSS  Multi^Spectral  Data  (GMSD)  program  plans 
to  finish  analysis  of  color  photometry  data  collected  from  GEOI^S  - 
Socorro. 

These  efforts  insufficient  to  bring  technique  to  operational  readiness. 
•  NEED  MORE  DATA 


•  To  exploit  differences  in  signatures  to  optimize  photometric  technique 
(filters,  phase  angles,  algorithm  development). 
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SILC 
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•  Objective 

“  Demonstrate  the  capability  of  multi-spectral  (color)  photometry  to  identify 
deep  space  satellites  during  cross  tagging  situations  and  multi-spectral 
photometry^ s  capability  to  evaluate  the  operational  status  of  the  Space 
Order  of  Battle  (SOB). 

•  Benefits: 

-  Collaboration  between  3  branches  of  AFRL  (DEBI,  DEBS,  DEPA) 

»»  Resources 
»  Expertise 
»  Timeliness 

-  Synergy 

Shared  data,  algorithms,  and  lessons-learned  would  facilitate 
development  of  color  photometry  technique. 

-  SILC  will  address  operational  transition  of  this  technique.  Diverse  AFRL 
programs  will  not 


•Srtsafer  Summary 


•  Known  SOI  deficiency  for  GEO  satellites, 

•  Color  photometry  is  potentially  a  solution  for  mistags  and  an 
additional  capability  for  ops  status. 

•  Color  photometry  sponsored  by  AFRL  Directed  Energy  Directorate. 

•  SW C/Space  Battlelab  SILC  plans  to  demonstrate  operational  utility. 


Date:  12  November  98 

From:  Dr.  Mara  Payne,  Ms.  Linda  Crawford 

To:  Mr.  Sian  Czyzak,  AFRL/DEBS 

Cc:  Dr.  Dave  Voelz,  Ms.  Lee  Kann,  AFRL/DEBS 

Ll.  Darrell  PhiIlip.son,  AFRL/DEPA 
Mr.  Paul  Kervin,  AFRL/DEBI 
Dr.  Darryl  Sanchez,  UPR 

Re:  Trip  Report,  Color  Photometry  Briefing  at  Combined  Intelligence  Center  (CIC),  Peterson  AFB, 

CO.  10  November  98 

Dr.  Payne  provided  a  briefing  to  AFSPC  and  USSPACECOM  on  the  AFRL  Color  Photometry  efforts, 
concentrating  on  the  recent  data  collected  at  the  Capilla  Peak  observatory,  and  how  the  technique  relates  to 
the  Space  Warfare  Center/Spacc  Battlelab  (SWC/SB)  SOI  in  Living  Color  (SILC)  initiative  (see  attachment 
I ).  SWC/SB  also  had  a  summary  briefing  of  SILC  (see  attachment  2)  with  a  primary  objective  of  soliciting 
user  support.  Recently  SWC/SB  completed  a  “rack  and  stack”  of  the  SB  initiatives  and  SILC  is  on  the 
"bubble"  as  to  whether  it  gels  funded. 

The  following  were  in  attendance: 

U.S.SPACECOM/J2V  -  Col  Gendron 

USSPACECOM/J2F-  Col  DeLoughery  (CIC  Cmdr).  MaJ  Lutz,  TSgt  Fields 
SWC/SB  -  Col  Bivins  (SB  Cmdr).  LtCol  Wright  (Dep  Cmdr),  Capt  Trimble  (SILC  POC) 

AFSPC/DRCS  -  LtCol  Smith 

AFSPC/DOl  -  Mr.  Pea.se,  Capt  Sears  (Intel  section  for  Ops) 

1C  ACS 

Schafer  Corp.  -  Mr.  Boykin,  Ms.  Crawford.  Dr.  Payne 

Dr.  Payne  presented  her  briefing,  which  included  how  the  color  photometry  technique  supports  .some  of  the 
Space  Situational  Awareness  deficiencies,  as  identified  by  the  1997  Space  Control  Map.  She  showed  that 
the  limited  set  of  collected  data  was  highly  successful  in  identifying  the  type  of  payload.  Maj  Lutz  during 
the  briefing  continually  stressed  the  need  for  such  a  technique  and  stated  that  the  number  of  mistagged  deep 
space  objects  has  increased  to  15(^  of  which  mistagged  GEO  objects  were  approximately  . 

LtCol  Smith  stated  that  he  favors  the  completion  of  the  SILC  demonstration  and  .secs  the  results  dovetailing 
into  the  GEODSS  CCD  Upgrade  program,  for  which  funding  has  been  allocated  starting  in  FYOO.  If 
successful,  he  felt  that  color  photometry  requirements  could  be  included  in  the  A-Specification  of  the 
GEODSS  CCD  Upgrade  program  with  a  low  cost  impact.  LtCol  Smith  said  that  DRCS  would  coordinate 
with  the  GEODSS  CCD  Upgrade  program  acquisition  agency.  ESC  (Boston).  The  color  filter  wheels  are 
already  on  the  GEODSS  telescopes,  but  currently  have  clear  glass  in  them. 

This  schedule  is  consistent  with  Col  Bivins’  desire  to  complete  the  demonstration  within  6  months,  with 
re.sults  completed  in  9-12  months.  There  was  a  concern  about  the  time  period  (FY99).  since  this 
demonstration  was  planned  to  be  a  joint  effort  between  SWC/SB  and  AFRL/DE  (DEBI,  DEBS,  DEPA) 
with  DEBI  FY99  funds. 

However,  LtCol  Smith  suggested  that  the  SILC  demonstration  be  changed  to  use  the  larger  aperture 
telescopes  at  Maui  (the  1. 2m.  0.8m,  and  3.6m)  versus  the  RAVEN  small  telescopes.  He  was  concerned  that 
the  capabilities  of  the  small  telescopes  would  not  be  sufficient  to  demonstrate  the  technique  successfully. 


He  stated  that  AFSPC  would  support  the  allocation  of  those  larger  telescopes  for  the  demonstration.  This 
suggested  re-direction  needs  to  be  discussed  with  Mr.  Kervin,  AFRL/DEBI  (Maui).  He  was  also  concerned 
that  the  u.se  of  RAVEN  would  confuse  the  SILC  initiative  with  the  SOA  initiative  completed  last  year. 
Space  Surveillance  Network  Optical  Augmentation  (SOA)  was  the  small  telescope  augmentation  Battlclab 
initiative  with  AFRL/DEBI. 

Another  discussion  was  held  on  the  analysis  tool  to  process  the  data.  The  CIC  representatives  stated  that 
they  wanted  a  tool  that  processed  the  data  quickly,  was  semi-automated  (in  making  assessments),  was 
logistically  supportable  (documentation,  releases),  and  was  a  separate  program  from  IDASS/IDPS,  but 
could  be  hosted  on  the  same  Silicon  Graphics  (SGI)  (IRIX  operating  system)  platform.  Eventually,  they 
could  sec  a  utility  of  being  able  to  use  these  data  in  IDASS  for  S&T  analysis,  but  were  concerned  that 
IDASS  took  too  long  to  set  up  and  execute.  LtCol  Smith  suggested  that  CIC  document  their  user 
requirements  for  the  color  photometry  analysis  tool. 

With  unanimous  support  from  the  attendees  (and  especially  from  the  CIC),  Col  Bivins  directed  that  a  team 
be  assembled  to  develop  a  briefing  for  the  Jan  99  General  Officers  Advisory  Group  (GOAG)  that  is  to 
include  the  operational  benefit  of  color  photomctry/SILC  and  the  cost  of  implementing  color  photometry 
techniques  on  the  operational  GEODSS  system.  Capt  Trimble  was  established  as  the  POC  for  contacting 
the  organizations,  assigning  tasks,  and  collecting  the  information.  He  plans  on  having  a  telecom/VTC  next 
week  to  kick  off  this  effort.' 

Dr.  Payne  was  asked  to  provide  technical  support,  specifically  how  will  the  operational  procedures  at 
GEODSS  change  in  collecting  the  color  photometry  data,  and  how  long  will  it  take  per  track.  A  concern 
was  rai.sed  that  if  the  time  increased  substantially,  the  time  available  for  metrics  data  collection  on 
GEODSS  would  decrea.se.  TSgt  Fields  stated  that  the  E-0  systems  are  tasked  for  SOI  tracks  monthly  as 
follows:  Socorro  -  70;  Maui  -  70,  Diego  Garcia  -  170,  TOS  (Spain)  -  100.  Also  needed  is  the  number  of 
signatures  required  to  populate  an  operational  database  (to  include  different  types  of  payloads  and  phase 
angles). 

SWe/SB  will  he  sending  a  Iclter  to  AFSPC/DOY  asking  for  the  specific  user  needs  and  deficiencies  that 
this  technique  would  mitigate.  Note:  After  the  meeting.  Dr.  Payne  and  Ms  Crawford  provided  copies  of  the 
briefings  and  a  synopsis  of  the  discussion  to  Maj  Brandstrom,  AFSPC/DOYO. 

In  summary,  it  was  apparent  that  this  color  photometry  technique,  developed  at  AFRL,  has  strong  support 
with  AFSP'C  and  USSPACECOM  users.  This  is  an  excellent  opportunity  to  have  an  AFRL  R&D  project 
become  operational.  We  recommend  that  AFRL/DEBS,  AFRL/DEBI,  and  AFRL/DEPA  strongly  support 
the  SILC  team  efforts  and  the  users’  sugge.stions  for  modifying  the  demonstration. 

We  are  available  to  support  every  aspect  of  this  demonstration,  from  providing  technical  information  for 
the  briefing  and  demonstration  preparations,  collecting  and  analyzing  the  data  during  the  demonstration,  to 
supp(^riing  the  development  of  a  quick  response  color  photometry  analysis  tool. 


Atch  I :  Color  Photometry  of  GEO  Satellites 

Aich  2;  Space  Battlclab  Proposed  Initiative:  Space  Object  Identification  in  Living  Color 


‘  Capt  Trimble  scheduled  a  VTC  at  1300  on  November  17,  1998. 


DRAFT 


Color  Photometry  Data  Collection  Procedure 

1.  Preparation  and  Set-Up  (Sunset/Dusk)  -  Total  time  =  30  minutes 
Telescope  and  computer  prep  ~  no  special  needs  - 

The  telescope  is  assumed  to  be  up  and  running,  focused,  and  boresighled.  We  spend 
approximately  2  hours  converting  the  2  line  element  sets  to  right  ascension/declination  coordinates 
that  are  used  by  the  telescope  using  SATTRACK. 

Sky  flat-field  frames  through  all  filters  (CCD  calibration)  -  15  minutes 

This  procedure  must  be  performed  during  twilight  if  the  sky  is  used.  Alternative:  dome  flat- 
fielding  could  be  performed,  but  a  uniformly-illuminated  screen  in  the  dome  would  have  to  be 
constructed  for  each  telescope. 

Bias  frames  (CCD  calibration)  -  15  minutes 

2.  Obser\ing  Time  (Stellar) 

Oncc-A-Month  -  Fully  calibrated  night  -  Total  time  =  30  minutes  (for  a  6  hour  night) 

Flux  calibration  star  -  all  filters  (B,V,R,I)  -  observe  1  hour  apart-  1  second  exposure  - 
Time  per  ob  =  5  minutes 

Regular  night  -  Total  time  =  15  minutes  (for  a  6-8  hour  night) 

Flux  calibration  star  -  all  filters  (B,V,R,I)  -  observe  4  hours  apart-  1  second  exposure  - 
Time  per  ob  =  5  minutes 

3.  Obser>ing  Time  (Satellites) 

All  filters  -  Average  time  per  ob  =  3  minutes 
Average  time  between  obs  (to  find  satellite)  =  2.3  minutes 


02/19/99 


From  the  Desk  of  Dr.  Mara  Payne 


WORKING  DRAFT 


COLOR  PHOTOMETRY  DATA  EXPLOITATION  TOOL  (CPDET) 


Requirements/De! 

iverables  To  Transition  an  R&D  Project  to  Operational  Use 

Category 

Deliverable 

Reference 

Description 

Performance- 
Interopera¬ 
bility  and 
Standards 

1 

Interface 

Control 

Document 

(ICD) 

AFSPCI  60-102 

Draft  Technical 
Requirements 
Document  (TRD) 
for  Sensor 
Exploitation 

Tools  (5  Dec  97) 

1  -  Uses  Space  Surveillance  Astrodynamic  Standards 

2  -Can  ingest,  parse,  display,  and  output  Flexible  Image 
Transport  System  (FITS)  formatted  data  (there  may  be 
improvements  to  FITS,  such  as  filter  information) 

3  -  Can  format  the  data/file  to  be  compatible  for  input  to  other 
data  exploitation  tools  (such  as  IDPS  and  IDASS). 

4  -  Has  the  capability  to  interface  to  the  existing  networks  and 
communications  links  for  automated  data  input  and  output 

Performance- 
Data  Display 
and  Interface 

i 

i 

Draft  Dec  97 

TRD 

1  -  Has  simultaneous  data  display;  has  capability  to  plot  more 
than  four  main  bands  and  the  ability  to  interactively  select 
which  signatures  to  display  at  any  one  time  (each  FITS  file 
can  have  four  or  more  separate  signatures). 

2  -  Allows  user  to  selectively  display  all,  some,  or  none  of  the 
signatures  independently,  and  perform  some  elementary 
measurements,  such  as  allowing  the  user  to  select  start  and 
stop  times  and  report  the  time  (or  pixels)  between  the  user 
selected  points;  report  the  data  value  as  the  user  moves  a 
cursor  along  the  signature,  zoom  control,  etc. 

'  Performance- 
,  Data 

Processing 

Draft  Dec  97 

TRD 

1  -  Has  the  capability  to  input  photometric  color  magnitudes 
versus  phase  angle  (or  time)  curve. 

2  -  Has  the  capability  to  examine/provide  combination  of 
color  photometry  for  the  color  measurements  and  phase  angle- 
based  measurements  for  the  brightness  relationship 

3  -  Provides  the  ability  for  automated  statistical  probability 
determination  of  satellite/payload  identification. 

Performance- 

Data 

Management 

i 

Draft  Dec  97 

TRD 

I  -  Capable  of  performing  database  comparisons  (i.e., 
compare  new  data  with  existing  data);  allows  searches  and 
sorts  on  various  features  of  the  different  data  sets  (e.g.,  look  at 
all  signatures  over  time  for  one  satellite  under  certain 
astronomical  conditions) 

Software 

■  1 

1 

! 

1 

j 

i 

Computer  Si 

Soil  ware 
Resources 

Draft  Dec  97 

TRD 

MIL-STD  498 
(or  replacement 
STD) 

1  -  Stand-alone  tool,  hosted  on  Silicon  Graphics  platform 
running  under  UNIX  operating  system  (IRIX) 

2  -  No  proprietary  code,  except  COTS. 

3  -  Developed  code  and  database  using  established 
programming  standards  and  maintained  under  a  configuration 
management  tool. 

4  -  Modular  design  to  allow  for  future  tool  enhancements, 
such  as  additional  types  of  data  input  (i.e.,  radiometric)  and 
data  analysis  (i.e.,  spectral  analysis  of  time  series  signature). 

User  Interface, 
Displays. 

Output 

HSISTD 

1  -  Compliant  with  latest  Human  Systems  Integration  (HSI) 
standard 

1 
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WORKING  DRAFT 


COLOR  PHOTOMETRY  DATA  EXPLOITATION  TOOL  (CPDET)  (cont) 


Requirernents/Deliverables  To  Transition  an  R&D  Project  to  Operational  Use 


Category 

Deliverable 

Reference 

Description 

Software 

Requirements 
and  Design 
Documentation 

MIL-STD  498 
(or  replacement 
STD) 

DID/Template 

1  -  System/Subsystem  Specification  (SSS)-  How  the  design 
meets  the  specifications  and  be  testable;  also  includes  an 
operational  concept  on  how  the  system  will  be  used. 

2  -  System  Requirements  Specification  (SRS)  or  Interface 
Requirements  Specification  (IRS)  -  Provides  requirements  on 
interfacing  to  other  CSCIs/sysiems  (can  include  in  SSS) 

3  -  System/Subsystem  Description  Document  (SSDD)  - 
Provides  the  system-wide  design  decisions/system 
architectural  design;  also  includes  description  of  databases. 

4  -  Software  Design  Description  (SDD)  -  Covers  the  CSCI 
level  design  and  decisions  (can  include  in  SSDD) 

5  -  Interface  Description  Document  (IDD)  -  Describes  the 
interface  characteristics  of  one  or  more  systems,  subsystems. 
Hardware  Configuration  Items,  Computer  Software 
Configuration  Items  (CSCIs),  manual  operations,  or  other 
system  components. 

' 

; 

Software 

Testing 

Documentation 

(note:  can 
replace  or  be 
subset  of  DT&E 
dtvumentation) 

MIL-STD  498 
(or  replacement 
STD) 

DID/Template 

1  -  Software  Test  Plan  (STP)  /  Software  Test  Description 
(STD)  -  Describes  the  test  plan,  preparations,  test  cases,  and 
lest  procedures  for  testing  all  requirements. 

2  -  System  Test  Results  (STR)  -  Covers  all  planned  lest  cases: 
provides  results,  and  shows  that  the  system  meets  its 
requirements. 

i 

j 

i 

1 

i 

1 

Software 

Description 

MIL-STD  498 
(or  replacement 
STD) 

DIDH'empIatc 

1  -  Software  Version  De.scription  (SVD)  or  Version  Release 
Package  (VRP)  -  Identifies  the  version  of  each  software 
component  (file,  unit,  CSCI,  etc.)  delivered  and  changes,  if 
applicable. 

2  -  Software  Products  Specification  (SPS)  -  References  the 
executable  software,  source  files,  and  software  support 

;  information,  including  ”as  built"  design  information  and 

1  compilation,  build,  and  modification  procedures. 

Executable 
softw'are  and 
source  files 

AFSPC-AFMC 
MOA  -  Software 
Normalization. 

16  Feb  93 

Includes  all  software  necessary  for  execution.  Version  exactly 
matches  version  that  passed  testing  and  will  be  under 
configuration  control/management. 

f  . . —  ' 

i 

1 

i 

1 

Operations 

Dtx:umentation 

MIL-STD  498 
(or  replacement 
STD) 

DID/Template 

1  -  Software  User  Manual  (SUM)  -  Describes  software 
installation,  input/output,  database  structure,  how  to  u.se  the 
tool,  guidelines  for  analysis  of  results,  error  messages,  and 
normal  processing  notifications. 

2  -  Computer  Operation  Manual  (COM)  -  Describes  how  to 
operate  the  computer  system  that  hosts  the  tool. 

3  -  Mathematical/Algorithmic  Description  Document 

2 


02/19/99 


WORKING  DRAFT 


COLOR  PHOTOMETRY  DATA  EXPLOITATION  TOOL  (CPDET)  (cont) 


Requirements/De! 

iverables  To  Transition  an  R&D  Project  to  Operational  Use 

Category 

Deliverable 

Refetence 

Description 

Training  Plan 

Developer  format 

Develops  plan  on  how  training  will  be  completed  for  both  for 
Operations  and  Maintenance  (O&M)  personnel. 

■HI 

Training  Guide 

Developer 

format 

Develops  guide/teaching  aid  to  use  during  training  of  O&M 
personnel. 

Initial  Training 

Developer  format 

Completes  training  to  operate  and/or  maintain  the  system. 
Training  shall  include  all  command  and  control  functions, 
system  familiarization,  procedures  and  low  level  system 
malfunction  analysis,  data  processing,  data  editing,  data 
validation,  classification  control,  and  data  transmission. 

Logistics 

Special  Support 
Equipment 

Identify/provide  specialized  equipment/tools  (software  or 
hardware)  to  operate/maintain  system  (if  applicable) 

Sparcs/Parts 

List 

Identified  by  critical/non-critical  (to  mission  support),  long 
lead  time,  custom  or  standard  benchstock  item. 

Maintenance 

Agreements 

Draft  Dec  97 

TRD 

For  delivered  software  and  hardware,  support  agreement  (s)  in 
place  and  effective  for  at  least  one  year  after  certification 

Functional  and 
Physical 
Configuration 
Audit 

(FCATCA) 

AFSPC-AFMC 

MOA 

Verifies  that  the  tool  functions  and  that  it  matches  the 
physical  description  detailed  in  the  documentation.  The 
results  shall  be  included  in  the  SVD/VRP. 

\  Security 

t 

Accreditation 

DOD  DIR  & 

STD  5200.28 

Adequate  security  and  access  controls  as  per  criteria 
established  by  user  and  in  directi vc/slandard. 

:  Testing 

i 

i 

! 

Svsicm  Testing 
(DT&E) 

i 

1  -  DT&E  Plan/Procedures  •  Describes  the  test  plan, 
preparations,  test  cases,  and  test  procedures  for  testing  all 
system-level  requirements  (from  the  specification). 

2  -  DT&E  Report  -  Covers  all  planned  lest  cases;  provides 
results,  and  shows  that  the  system  meets  its  requirements. 

Y2K  Testing 

AF/AFSPC  STD 
Test  Ca.ses 

Completes  Year  20(X)  a.ssessmenl  and  certification  that  .system 

IS  Y2K  survivable  (Y2K  compliant  is  a  goal). 

' 

Operational 

Utility 

Evaluation 
(OUE)  Testing 

j 

1  -  OUE  Plan/Proccdurcs  -  Describes  the  test  plan, 
preparations,  lest  cases,  and  test  procedures  for  testing  OUE. 

(to  be  completed  by  user) 

2  ‘  OUE  Report  -  Covers  all  planned  test  ca.ses;  provides 
results,  and  shows  that  the  system  meets  OUE.  (to  be 
completed  by  user). 

Note:  The  developing  agency  supports  OUE  by  providing 
the  results  from  DT&E  and  providing  technical  support 
during  OUE  conduct. 

Certification 

Certification 

Space  and 

Missile  Payload 
i  Assessment 

System  (SMPAS) 

Based  on  OUE  results,  successfully  complete  certification 
criteria  and  added  to  the  operational  SMPAS. 
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WORKING  DRAFT 


COLOR  PHOTOMETRY  DATA  EXPLOITATION  TOOL  (CPDET) 
Rough  Order  of  Magnitude  (ROM)  Cost 


Reference:  Draft  CPDET  Requirements/Deliverables  to  Transition  to  Operational  Use,  8  Dec  98 


Performance/Deliverable  Summary 

Assumptions 

LOE  (hrs) 

Est.  Cost 

Operational  Color  Photometry  Data  Exploitation 

Mathematical 

Scientist  6  -500 

Labor 

Tool  Development 

algorithms  and 
prototype  tool 

SysAnlyt4  -  1000 

-$195K 

1.  Input/Output 

-  inpul/output  ICD-defined  data  formats,  files. 

developed  during  SILC 
time  period 

Prgmr  3  -  I(XX) 

HAV 
-  $20K 

messages  (SSN,  other  tools  —  IDPS»  IDASS) 

-  interface  to  existing  networks/1  inks  for  automatic 
data  inpui/output 

Computer  and  software 
purchased  for 
development,  testing, 

S/W  (operating 
system,  DBMS, 
Development 

2.  Data  Display  and  Interface 

configuration 

Tools,  CM  Tool) 

management  (CM),  and 

-$30K 

-  Select  signatures  to  display,  up  to  four  plots,  display 

maintenance 

data  valuc/iime.  zoom,  etc. 

GEODSS  CCD  Upgrade 

3.  Data  Processing 

program  includes 

-  with  input  of  photometric  color  magnitudes  vs. 

support  of  color 

phase  angle  (or  lime),  develop  brightness  relationship 

photometry  data 

-  provide  the  ability  for  automated  statistical 

collection  (anticipated 

probability  determination  of  satellile/payload 

changes  include  ops 

identification 

procedures/calibration, 
reduction  of  raw  data  on 

4.  Data/Database  Management 

site  to  derive  four  color 

-  perform  comparisons,  searches,  sorts,  database 

magniludes/lime  change 

utilities 

in  message 

header/possible  format 

5.  Software 

-  compatible  to  SMPAS,  SGI  platform/IRIX 
«  use  programming  standards 

-  maintained  under  CM  tool 

-  modular  design  for  future  tool  enhancements 

-  HSI  user  interface  standards 

Logistics 

j 

One  year  of  H/W  and 

Prgmr3-I00 

Agreements  - 

S/W  COTS  maintenance 

SlOK 

1  1.  Provide  Special  Support  SAV  &  HAV  Tools 

1  2,  Develop  Spare.s/Parts  List 

1  3.  Elstablish  Maintenance  Agreements  (SAV  & 

HAV) 

4.  Conduct  FCA/PCA 

support 

Assumes  COTS,  no 
critical  spares/no  spares 
purchased 

Labor  -  $6K 

Security  /\ccreditation  Support 

Customer  is 
responsible;  developer 
only  provides  support 
and  ensures  tool  meets 
security  directives 

Sys  Aniyt  4-100 

Labor  -  $8K 

i - 

12/15/98 
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WORKING  DRAFT 


COLOR  PHOTOMETRY  DATA  EXPLOITATION  TOOL  (CPDET)  (CONT) 
Rough  Order  of  Magnitude  (ROM)  Cost 


Reference:  Draft  CPDET  Requirements/Deliverables  to  Transition  to  Operational  Use,  8  Dec  98 


Performance/Deliverable  Summary 

Assumptions 

LOE  (hrs) 

Est.  Cost 

Software  Process  and  Documentation 

1.  Conduct  PDR/CDR 

2.  Complete  documentation 

a  -  Systcin/Subsystcm  Specification  (SSS) 

b  -  System  Requiremenis  Specification  (SRS)  (includes 

Interface  Requirements  Specification  (IRS)) 

c  -  Syslcm/Subsyslcm  Description  Document  (SSDD) 

d  -  Software  Design  Description  (SDD) 

e  -  Interface  Description  Document  (IDD) 

f  -  Software  Test  Plan  (STP)  /  Software  Test  Description 

(STD) 

g  -  System  Test  Results  (STR) 
h  -  Software  Version  Description  (SVD)  or  Version 
i  Release  Package  (VRP) 

1  1  -  Stdlwarc  Priniucts  Specification  (SPS) 

)  1  -  Soltware  User  Manual  (SUM) 

j 

;  k  -  Computer  Operation  Manual  (COM) 
i  1  -  Mathematical/Algoriihmic  Description  Document 

1  m  -  DT<S:E  Pian/Prucedures 
i  n  -  DT<i;:H  Report 

Tailored  MIL-STD  498 
formats  and  process, 
with  government 
approval 

Some  documents 
combined,  with 
government  approval 
(e.g.,  STP/STD  and 
DT&E;  SRS  and  IRS) 

Scientist  6-  100 

SysAnlyt4  -500 

Tech/Prgr  1  -  1000 

Admin  Spt  -  750 

Labor  -  $97  K 

I  Testing/Certification 

1.  Conduct  CSCI/System  Testing 

2.  Conduct  DT&E  (includes  Y2K) 

3.  Support  OUE  Support 

4.  Support  Ops  SAV  Certification 

Customer  to  complete 
OUE  and  SAV 
certification  developer 
to  provide  support,  as 
required 

Sys  Anlyt4  -  1(X) 

Prgmr  3  -  200 

Tech/Prgr  1  -  200 

Labor  -  $25K 

'  Training 

,  1.  Develop  Training  Plan  and  Guide 
i  Z  Conduct  Initial  Training 

1 

Training  includes  O&M 
areas,  will  be  on-the-job 
training,  and  will  use  the 
SUM/COM  as  training 
materials 

SysAnlyt4  -100 

Prgmr  3-150 

Tech/Prgr  1-150 

Admin  Spt  -  100 

Labor  -  $23K 

1  Technical  Meetings/Management/Misc.  Support 

1 

i 

I 

1 

! 

As  required 

Scientist  6-100 

Sys  Aniyt  4  -  300 

Prgmr  3  -  350 

Admin  Spt  -  200 

Labor  - $50K 

Travel  -  $20K 

Expendables  - 
$I0K 

TOTALS 

Labor  -  $390K 

Other  •  $90K 

Total  -  $480K 
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WORKING  DRAFT 


COLOR  PHOTOMETRY  DATA  EXPLOITATION  TOOL  (CPDET)  (CONT) 
Rough  Order  of  Magnitude  (ROM)  Cost 

Reference;  Draft  CPDET  Requirements/Deliverables  to  Transition  to  Operational  Use,  8  Dec  98 


Labor  costs  derived  from  GSA  Contract  categories  and  rates 


Categoo’ 

Rate/hour 

Technical  SpecialisiyAdmin  Support/Programmer  1  -  High  School/Associaie  degree 

S27 

System  Engineer/Programmer  3  -  Technical  BS  degree  with  2  years  experience 

$59 

Svstem  Ensincer/Analyst  4  -  Technical  BS  (MS  preferred)  degree  with  5  years  experience 

$76 

Svstcm  Encinecr/Analyst/Scientist  6  -  Technical  MS/PhD  degree  with  10  years  experience 

$120 
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Space  Situational 
Awareness 

Essential  for 
Military  Operations 

1  Dec  98 

Air  Force  Research  Laboratory 

Surveillance  Technologies  Branch 


AFRiyOEBS 
Stan  Czyzak 
DSN  246>4845 


Background 


Military  use  of  M  classes  of 
space  systems  is  iiicrc^asin^ 
ILS/Allied 

Potential  A<htT.sarv 


ll.S*  economic  interests  in 
space  ^rtmin;;  rapidly 


Infrastructure  for  maintaining 
ctmlrol  of  space  is  shrinking 


Strong  leadership  support  of  Space 
Situational  Awareness  by: 

•  National  Space  Policy 

-  “Modernize  Space  Surveillance.. to 
detect...charaeleri/.e  threat  lu  OS  space 
s>.slcnis..auid  protection  of  military 
activities” 

•  1:SCINCSPACE 

-  “Space  surveillance  is  the  ‘first  order  of 
business*  at  rSSPAC'ECOM” 

-  “Global  partnerships”  leveraged  with 
coinnterciul  for  Integrated  Space  “Traffic 
Control”  and  “Accident  Investigation”  to 
protect  “Space  Lanes  for  Commerce” 


Summary 


•  SSA  critical  to  warfighter 

•  Current/programmed  force  structure 
inadequate  to  do  the  job 

•  Potential  solutions  have  been  identified 

•  Investment  decisions  required 
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Background 


Military  use  of  ^  classes  of 
space  systems  is  increasing 
ES/Allled 

Potrnlial  Athersarv 


U.S.  economic  interests  in 
space  j*ro\vins  rapidly 


Infrastructure  for  maintaining 
ctmtrol  of  space  is  shrinking 


Strong  leadership  support  of  Space 
Situational  Awareness  by: 

•  NatioituI  Space  Tulicy 

•  "Mndirni/e  Space  Survei!lancc..to 
detect. ..characteri/e  threat  to  US  space 
M  stems.. .and  protection  of  military 
activities** 

•  I  SC  INC'SrACE 

•  "Space  surveillance  is  the  ‘first  order  of 
hitsincss*  at  I  SSPAC  ECOM  * 

•  "Oluhal  partnensliips '  leveraged  with 
commercial  for  Integrated  Space  "Traffic 
Control**  and  “Accident  Investigation**  to 
protect  "Space  Lanes  fiir  Commerce** 


Inadequate  Deep  Space  Metric 
Tracking  Coverage  and  Capacity 


Deep  Space  Population  Growing 


Militnrv  implications 

Inability  to  monitor  communications 

-  C-  \  Frequent 

-  Intel  data  /  complaints  by  users 

Increasing  potential  for  collision 
rnctTlainty  in  adversary  coverage 

-  (  omm  for 

-  Missile  detection 

-  Intel  culleeliun 


SOM  SOOS  S010  Mil  SOSO  SOSS 


Potential  Solutions 


•  Update  tracking  by  object  type/class 

I  "Do  smart  surveillance  (Step-Stare,  Tasking) 

•  Add  sensors  (CCDs,  small  telescopes, 
exclusion  zone  sensors,  global  coverage) 


Payoffs 

Fewer  "losl"  objecis 

-  C'urrcnt  locntiun  for  InlcHigcnce  cxploitulion 

-  I.ej^s  lime  “wasted”  searching  for  lost  objects 

-  More  complete  catalog 

~  Lower  collision  potential 


Inadequate  GEO  Status 
and  Change  Detection  Capability 


Military  Implictititins 

*  Kangc  I Vunics  cot crage  limited 
(n  Haystack  Slewing 

*  Limited  ID  &  Sluluv 

-  tisible  pbuiometry 
tsUble/unstablet 


>  \o  imaging  of  earth  stable 
satellites  t70'r  of  SOB) 


Potential  Solutions 


•  Improve  photocnethc  data 
coUrctmn  and  exploitation 

>  bnghincsx 

~  roktr/xpectral 

-  polaruneiry 

-  spare-based  t  SB  I 

•  Exploit  NMD  X-band  radars  lo 
extend  cov  rrage 

-  Range  profiles 

-  Imaging  1  rotating  objects) 

•  Develop  ground-based  (GB) 
optical  imaging  (e4tM  GLINT) 

»  Add  SB  optical  capability 

•  Extend  (;E0  GB  radar  imaging 
with  SB  n>-bv 


Payoffs 

•  More  accurate  statiis/ID 
determination 

-  Reduces  mistugging 

■  Potential  fur  ideiilificulion  Si 
orientation  assessment 

•  improved  CJEO  coverage 

■  Improved  anomaly  resolution 
and  damage  assessment 

■  Detailed  mission/capability 
cliaracteriTiation 


Near  Earth  Timeliness  Issues 
Potential  Solutions 


Metric 

. 

Space>based  electro*optlc  surteillancr 

■ 

Upgraded  GB  S-  or  X-band  radar  fence 

A 

Cit 

W 

\ 

.t  ■ 

f' 

ravotts 

Current  of  foreign  rei'ce 

spacecriift  locations 
-  I.OM  risk  of  exposure  of  critical 
military  operations 
Deereasal  probahility  of  ctillisioii 
Uctler  tip-off  to  next  spacecruft/eapabililii's 
~  l.iniit  earlier  problems 


»wath 


Potential  Solutions 
to  SSA  Deficiencies 


SC*2  Iiuidet|uatc  forces  for 
completeSSA"  r 

Kew  SofveilUiice  Techniques 
Improved  Algoritluss 
NewSenstHB  :  ' 


;  SCo:  Inadequate  forces  for  SOB 

% ' '  Sensor  Upgiadcs  -:.v  i  >  V;' 
f  .i  :  SOI  Techniques  V  - 


u  >-  SC-TIUgi  costofO&Mof 
p".  I  Threat  Warning  &  Space 
>  .  SurveillanM 

-  ■ , 

?  '  Upgrade  Sensors 
.  New  Operations 

|i  Selective  Automation  ; 


■'■■in'; 


SC*9  Unable  to  maintain  sniaB 
''u  byect  catalog  ;•  V  ■ 

High  Sensitivi^ Ace^ 


"  SC- 13  I^  ofppoawrtBlfer;^^^^^  ‘■SC^16VCaimotdo 

^  vn^ac/high  intei^orliiU;^^i^^^^  Icirdetktioh&iHirveUlanee  ; 

'i';;--,  AdiIi|io«ulA(hiitticed'-:y*^'i:  'lir^.Apemire Sen^ 

H  AstfPdynanuad  Forna^ontlg ’  C'^/zNC^’^igWft  t 

Upgrade  T  - 


Summary 


•  SSA  critical  to  warfighter 

•  Current/programmed  force  structure 
inadequate  to  do  the  job 

•  Potential  solutions  have  been  identified 


Investment  decisions  required 


